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(57) [gift] 

[mm ynf-f >^XJP7^ F-fV;*5— if (PD 
I) iS^CSSSt, RC5K»e^t#ffl#U^^H* 

&3-Ht5DNAtt hPD imfRj-t&zfczmm 

HHg»Slt\ SI3t5Ctl:J:«PD I OMig^a, 
fttfl::, #aSi^tEfc&ai|g»fc?£^ffl#U^:7 r 3 1 F 
£n- Ft-5**«^i£^*^gfc&#£:8:S6Sl£ 

* s ii t ic «t ^ g# y ^ h ©s ffi & 1 1 
fflsartrct h pd i jse^to^aick oi-ffl^u 

^y? 1 !«OS^4^0|fi]±»tpIt6i:*r)fc. 
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I 

2 ] E£l*f} 2tC^$n^>-24#S-+4 
9 l#B©73y«EW*:3-FT*ttSE3W>&J* 

M#n 3 ] atetuiE9u«qen»« 2 1 

fS-l 5 4 5#B©Efl#&J8*£fc*««iTS& 
M»#S95] 8:&B4E*©fgSi' , ^*-Tlt££ES 
ItaeTft MMI 5 Xtt 6 E«©JBKlEft#rtTf55t;£ 

[s*^8] mxm 1 ~ 3 © n-rn^-^tE*©* 

8iEilflft*.hF7'n-5M' >*?7>)\>?4 FfV;*5— K£ 

ears, tt*w«fr*iwwi7E««D*tt. 

7*-K*oT4>llH«rr*Cift*Mte***:R«8 

E«©;&£. 

[r*^ 1 0 ] mxm 7 ~ 9 ©hi* sice*® 
m*h 1 1 ] xsmmttmsm i~3 «wrti* 

lcE«<D»iB»e^ 1 W if « * u ^7> 

[SSsfcS 1 2 ] »WE*MW»ft£IMW : C& SfSU* 
551 1E«©E*SS£»#. 
[■1*813] ^JUite^^t Fjfii}i7JU^5>^3 



ttBB¥6--3 8 7.7 1 

[a*s 1 4 ] 1 1 ~ 1 3 <o v>i**ia»— eke 
* 9— e ae? i n a* u f £ n- 
££1*. u*??f tsars ewit&'r 

^'J^^F©iKS*fe. 

*«a$ai4Gtt4>;tri&. 

[9E9l0ffa&K9n 

[00 0 1] 

JV7 A- F*6-&©£&Efc£ftMrr3 H t fc«t 0* 'J 
A F<V*?-tfft3-Fr*a^©5WfcBtt-*: 

«ae*Mra*>j*:/*F*3-F 

[0 0 02] 

tS£*©8tf5J in yitro_T?©XttSeH©H«l*(Rcf 
oldlng) «»©fg£<fcrj. #U<^F©7*-;Uxw > 

>2r**«*aT&E&&i/T\ ^;v7^;i/FJS^© 

UttftiT'D 0 >^7^ F©JH£<fcEf&*t*ft £ i**» 
&n (Preedman, CeU 57, 1069-1072, 1989;Fisher & 
Schm Id, Biochemistry 29. 2205-2212,1990) , 7*— 
)Vr4 >^5^C*^ft^n6©SV5Kj&Stts«t-rSB 

mtLx. *«icb. ty^;v7*nij;v->xF5>^ 
-fy*?— tf (ppi) *\ >*j7j\, 

7*F-fy**-~ tf (PDI) i^:*>F*-»fc£# 
J!A>tti3nTV>5. Id vilro_©SI»TI4, HtlS©!? 

n. a^x^esaanfeTattaaxeja vitr 

o_T©Waj£^©fiJJB##*&nT^S (Schein, Bio 
/ Techno logy _7, 1141-1148, 1989 ; »»SH. B#S 
SHb4*£tt 64. 1035-1038. 1990) . 
[0 0 0 3] PD III, pJiSttT, HiaS©ffF»A>6H: 

^snxvis. PDiit ^-;v/i?x;P7-f F1S-& 

JB^ • Steft • *S^«ii7c£fT5 H (Free 
dman. CeH 57.1069-1072. 1989) . PD I ttln vitr 
o Ttt RNaseat*©^— F^'f >*>e>^*^eR-?>. jfb. 

«7;V7*5 >*i©*SF^'f >^e?i-5Mae^i:© 
»?rtf©yXJl/7-r F»'&©»J*4>SgftE«:ft{EJtU 

&-9-7"rL- „ F«ies}$o®ea©^KT©^7.;P7 

Fite-&©^fti:©sjs*iE3i'rftc:t^tte.nT^ 

S (Freedian. Nature 329. 196, 1987). 
[0 0 0 4] m¥L8&5fc©PD Hi, aa»^SiKl5^ 
7^&&ft#U^7'9 1 F©* ; e^'fV-tbT#ft 
U #t>*TBH4S©^i^p Iffi (pi 4.2~4.3 ) 
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3 

[0 0 0 5] =7y r-OfFKfefeOPD I fctH>T, 

r^/msmim&itu pd iw29mo#m&&& 

OStt«tt75/KE?0*»oi*jL6ftT^S (Edma 
n et al., Nature317 , 267-270, 1985). V*H«* 

■JcLfcO, RNase HieftaSJftEJSftfi , 

in vWoTOaaHCD7*-j^-f 

(Pigict & Schuster, Proc . Natl . Acad . Sci . 
USA 83, 7643-7647, 1986). 

[0006] pd 1 0£#rtT©*»aHt. mmomm 

5££fc<i:^e>, jfflSa^JC*ViTt)PD 1^ £rL<-& 
fx K £<0PS, PD I *ttv>«U&/WB#4MiiA!^'rtt 

*VCV*5 (Bui leid & Freedman, Nature . 335 649-65 
1, 1988) . 

[0 0 0 7] PD I ICOHTtt* HIB^©* 

^^f^JlD^ns^y^ H©^^;VEJB Asn-X-Ser/Thr 
ftWt"«-«^U33/^fcfl«B[tt^aiaK<PlhlaJaiiieai 
et al., EMB0 J. _6, 643-649 1987 ; Gee tha-Habib e 
t al., CeH 54, 1053-1060 1988) , SSfcSfc* 

>t£&m as ( t r i i odo-L- t hyr on i ne b i nd i ng 
protein) (Cheng et §1. J.Biol. Chem . 262 , 11221- 
11227, 1987)ft£tfl!>H-tt««»an, PDI^^CDS 

lustres*. *n6©«tbTttPD i costtse&a: 

S*lfc7*U hntfXFolli tropin) ^>;Phnbf> (Lu 
tropin) ftiiOttlBlBa*;^^ (Boniface & Reicne 



) *f#il¥6-3 8 7 7 1 

4 

rt et ah, Science 247 , 61-64, 1990), 3^X7 7 
J v b-M, 5-a*77x^f h*l, 2-^75/ 
±U-J\,t<1 J *y b-)Vl t 4, 5- h U *X7x- h 

icJn7K»»-r^»ST*o^^)^rticPD I <hffi[3tt 

(Bennettet al., Nature 334 , 268-270, 1988 ) , 

pdi^pdi «»?©«iftrt5fco*to»Tii:«a:ffe 
*aft<N4>n o stress. 

[0 0 0 8] «±0±5fcj£«a:«e#5y«SnT^6 

7 pd i o±&MB^rt&ut»f ffl©^7;i,7^ 
as m\z&mm&&M> ifi. ±mmH?*mttt=?-% 

TISPD I ±DMfc!rcas*«* *fV*7— -KfcbT© 

i&^asiciiss&K^n^^e., atM&oxt**! 

0) ^^dco^^^<^$tlTV^ (Edman E>> N 
ature 314,267-270, 1985) o 

[0009] *&, a7canrc«ffi<D?g^sas^ 

h^>h^aViJ:5ttlll«tftO«eBlrtTftU*, ceo 

[0 0 10] cnSz:t)C!)jftl4a*ADNAfttllSfflt» 

n9 t, H«^**r*Ha*fta*±<afea 
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[0 0 11] L*»ba*«6, H££Tin v]vo©j^t^ 
[0 0 12] 

[«K^ii?^b<t'5fr5F^iS^i] ]d vUrp_T©2:& 

W? 1 ? Pose? H fc fc.t:3T-?-©g£ 

[0 0 13] *SSWtt, khPDI£Sffl©khJla«7 
^S^^l/ynE^Sn-H-r-SDNAtt: hPD I 

fflft^PD i *a«r-5dt*BMfr*. 

[0 0 14] S&fc*fc, #56fltt, #55?InJtgfc&» 

t h p d i mmzvx&m- s^sess-e* c t fc± * 
*. 

[0015] 

5 >7]/7dEM&?— HTS D N A t k h ^D-tH" > 
tfc.t9*S^£S&«S1i-&. 

[0016] &TF\z*&w<Dmm&wmTz. 

[0 0 17] kh7 r D5 L 'f >-^;P7w H-f V*9-H£ 
(protein disulphide i some rase ; TPDlj i:B§ft^t" 
*) cDNAS3-Hn^n->li. kMHUgtll 
cDNA^^'J-RCM- r-J&ffiAgtll tDNA^ 

(ClontechiD ^G,J*c©«fc3lcUT^BI$n 40 

[0 0 18] kr-ifRXtfk M&ffiAglll cDNA^ 

-^DNAfc^JV^-lCBjrr*. kh^DU 

> (pd i tM—*?ynvB) cdna 

[Pihlajaniemi.T. e> (1987) EMBO J. _6, 643]© 243 
#1**6 282#B©ffiSE?lJ©ffi?fi®fc*t£-rS40 mer 

1*-->3>fc*0»tt£>n— >£X*y-=>2fU 

©7 3—vDNASEcoRI iBfcU #Snfcj!5150 bp© 50 



•f >U— hDNASPDI cDNA^U-n^ffl^D-? 

[0 0 19] £©J;5fcLT#Sn&»gc©IEtt*n- 
>£EcoRI iEMtLTEcoRI -f FDNASrfr 

(£U Pihlajaniemi £fc .tSSIIEBI&i&HtJttfcL&JS 
*. ffFK&3fe©^D— >(pHPDI16) fcfl&S*3fc©*D- 
XpHPDIp4) tTthPDl cDNA©^fiS*A-L 

[0 0 2 0] P?D->©DNA££E*!l£ft5£l,fcil3 

j& ;ine>©£ d->^e^js-^ i Jt^$n*±fi2454 

tfigfcfcfr&JSSk hPDI cDNASa-Hl/TV»5tt*«!W 

sfe, -t©asE^6»5£an&75yiiE 
?ijKE?ij##nc^-rt*DT»ofc. E5u«p, jaaa* 

Asp 1 d>& Leu 4 » l © 49HH©75 
*j£$*lTH5 Asp 1 fcftffr*17ffl©7 

[0 0 2 1] *f2Btt, PD 1 • g£Stt*;fc«> 

©» k h &Lf&7)V7s. >ite^vynE?0€3- H"T 

[0 0 2 2] SfciiilSaSrftt, WA«SlHCfc^f«k 

Hf S D N A SrEHS C t lc«kt> Tf^SJ S h#5. 
ffiL. khPDl«S«ftJ>A-h^>h (/MS^i 
5*A€>*ITV>S) K»SS|-r-5&ft©U-^-E?iJi:l/T 
ttk hJiifi!7^^5>©yi'yuE5«lclia«-r«>fJMItt 

[0 0 2 3] ^frWICB, WEi'n— > pHPDH6Rt; P 
HPDIp4 DNA*. **EcoRI/PstI, Pstl/BanfllTtgflsU. 
*!)490bp R«i!s«J1.3kbp©DNABfM-*^. KBffrSEcoR 
1/BaniHI H^i/^-pUC119JcaiieL (pbPD 

IEB), Kunkelffi [Kunkel.T. A. (1985)Proc.Natl.Acad.S 
ci. USA 82. 488 ] fc.tr) cDNA±©PD I ~s>f1-)V 
t P D I t©*l#gK»fcMI8SS5l5NaeI«J»rSMil: 
S:9JAL(pbPDINae), Nael/Hind III i8fcfc«tDPDI 
y^;VE59S:-&*^^*!jl.7kb ©PDI DNA Brfrfc© 

[0024] 

pUC119S:EcoRI ffifcU rnidhoIU>*-: 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

S:S«gL. XhoI/BanHlffi-(bL. Cinfck hfofHTfrfS. 
y (KT THSAj tB8!*-f5) ^W^Dffi^lsa^b 
(pUC 119 Sig) , Slul/Hind III ?Bft;L3.2kb ©DNA 
»rH-£#5 (HSA^pyDE^JW^fiEffitt^jfiOSIJS 
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tO 0 2 5] phPDlNaeB3fe©1.7kb DNA BrJtfcpUC 119 
Sig **©3.2kb DNA Brtf-Sig&UptaPDILylK EcoRI 
mit, KlenowSrm::<k*¥iHt, BanHI mit*mx.fi? 

(SB 2 0) , U-y-E3*Ja3^©8ifgfiprf£f§*>;: 

[0026] *«w©a«sjte?ro^s}*ftst;-?-o» 
.«ae?noEBtt.- ±i£©:frsi;:ifi£2ft5 *>©-*?« 

t hE^C^©!^*©*^^*^ 

[0 0 2 7] E?JS^2 C^Stl*- 2 

4S1-+4 9 l#l©75/KE?!l£=l-Ff*£a 

E^j^sjs^Kaisaie^&fiwrs. n© 

&aE*J££HWlcE«©«ua£j*-r»e?-, WAB» 
fc^s- F©iRS2KSrJ< &£SE?8©SS*#tt£T* 

*&mtmm&% 2 k^s fts^asE^ &fc*K8 a? 

[0 0 2 8] *»Wttae.lC, ^SEWSiKiS&Ffcfciii 

[0029] ^wajefiersisi^trfc©©^^^ 

n&«Ba«fc©aas!s«S:^iffiic-r-5-7-*-E?!ia: 
[0030] ^aHroas^^-fcaj&f sfc*©'* 

^^-tbTIS. WA»S*fflHAIt±*i|$Pg3p 2-1173 
84^«lCBi^©y9X5 H PJDB-ADH-HSA-A (810 
-C#B9) A'ffiffl^W. Z.<D~7?7>S. FteHSA cDNA£ 
*fc^7Ao--JlTrkHD$*:J--- tfi (ADH 
I) ynt-^-, ADH^-S*-^-, 7>tT->'J 
>Htt3t^f (Amp* ) „ &0Leii2ae?-*£A/ct>«. 
■€-©£*» Cffl^7XSK£, XhoIiBfcU XlenowSRtf 
fciDTSU BamHI iftffcLTHSA cDNAfc^-fS. # 
£>ftfctt8kb DNA »ffr©5 ' JRSRU>Bft:lfc&. U 40 

X5 H(pAHhPDILyl)&#SCi:*<T€*. *>-&3Aa * 

an-c* ^©as©^* * -*ffiffl-r « c t * . 
[oo3i] *s§niase.ic. ^amosm***-* 

[0 0 3 2] iMEfcLTtt, ttmSfc£*©Ig# 

tons, &cm#*if &n. ^icyo-b-»^s^LT 

12S¥#T&5. 1gi8?&£UT«, Saccharomvces ce 50 
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revisiae gd*3HfS*l *35SI3©J&3H£&#©fe8H::& 
&oT«fclC»#AH22fc##SKffiffl3n.&. *I6^ 
©«8B*T**#, BSEWCS&flJfi ($9*tf» 

& Q*a&£it£ntt«. aw© 

JBSlteftttli. 5S^^^-*ipAHhPDILyl©S-&, #S 
nfclS#£ S D (-Leu) ZfV-Y ±-7**? 5 Jl t C«t t> 

[0 0 3 3] fl£r>T, *&Htt£fc, ±i£©«fc5fcl,T 
*3S93©fll£8BaSl;:<fcfttf. *&E©fiii#i£«BnFfc 

[0034] gp%, *ftnsitS6?«tt±rt-cj«£ 

•B-^*«»^iB*56^^^-&««-r*anfi, its 

rat, infsaiisfie^s5Bss-«i-#**frTT, «na» 

SUSfttt&fcHLTiaiftAk hPD I £#»3-t**g:fg 

fnaa^APDi^iHiiK-rsspgt, s^t*. 

[0 0 3 5] *&£tLT»#£fflV>*«-&fctt, khP 

thPDi at5se^&& £ t T»»sns. *> us* t 

LT»SEi*©0iJ*.B:*:»B, ttm&^©»£«j)WI3^ 
Stl2)«-&ICH, 7 p D-fey>^SrS^TV^VikhPD 

[0 0 3 6] 3<L>ft*ilC£9fflft£«$£J&£&#g 

-»c#»t-5ttir±oiffift>LkhPD i *<%%\zmm 

=7 Att^3t©>b©CIS3£$n-6b©Tli& 
W^liTSX-gel PheDyl-5P»S*tt*7A GitV- 
K) *'ffiffl$n§, Mt&fflft^khPDlBKCl 
■^^^KiSWjR (pH 8.0) "t'O-SSMsft^ 0Mfl5K7> 
^E->>A^©Bi[^WiaS4JEt«tiDStH$n^S (314 
0) . SDS^U*gj#*r (»5 0) A>P,»^thP 
Dili. *<)55kDa ffl^fiS^t, *fc^d?7>^;H< 
'J #5? * 1/7— t?A©Sffi/£©ga£fggi: LTJgST 
<&CtlC<fcD. ft6nfcfflft>tt hPD I ttPD I^tt 

[0 0 3 7] #f£^Sfc«koTi££Sn*!!&JM.kh 
PD I tt, ^«81!©b hPD I iJt«UTN5^87S/ 
K# Asp^SGly »C5Sc^3n& , fe©T*tjfc. ffioT. 
*»Wtt 491ffl©75yK*>&«;SE5lJS^3»CSSn 

s Giy i Len^ 1 ©75 y»E5yj&>e>*fS$n 

Sffi^k hPD I Srfegft-rs. 
[0 0 3 8] *5S93teSe.l::> #9»FJ«Bft. thPD 
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1 attest: h Vto.mTfrZfS.yfl'Zfumm&zi-Y--? 

[0039] ^se^fr^©Ka^ae^tK^3fejie 
&n&^* -state* jvs^&ss. yp^77 

[0 0 4 0] K^fc^lCj^Tn-F^tlStfU^ 
^T^F*©^*;!^ F«6-£©jej£, SftS^Sffi 

strs) -t-©«j&«t>ic^ 

F18££^tffc©T&ntf»fflfc.&»!i©#U 

S&K^Jfefflg^ t UTb hJftl«7;P^5 > (HSA) 
[0 0 4 1] #93»B«<K r#U^?Hj JS^fflfi 
BWft. 

[0 0 4 2] *fc?g£iUT«, *kb, ttm«fc£© 
[0 0 4 3] *55WBSe>[c, Jbe»ME**ft'V. t 

k# u h s B«rr * c t » 6 A« # u f © 

[0 0 4 4] *gHo%iaMKKJ:D. thPDI?ES 
75*5 F&JSV>THSA££B9&BJ(ts&lTft& 

nfc»srtt?Hs asz;pd i stt*o««+-r*»s 

A©#i&fifiWe*?J6 OSSlilDLfc (SS8H) . 

[0045] aisicjei^sns-ofeos^v^t. 

[0 04 6]HSAIi, 1 7mv>V7>)Vy4 Fil6£%*S 
oiaSTSO. j&o, in vilro Tg>attgaa»g> 
o?HBa*lfcfc*v>Tfl:*«MewioPD I QSttfc £ 



4#l¥6r-3 8 7 7 1 

JO 

[0 0 4 7] BfSH I S2 3«clCj;oT, HSAtenJjg 
-A*> F t LTIEftftH S A^TF-fc E-©S£Sb£?ST© 

«a/x>F*tuT«aian. H&*icjEft&:HSA& 

iO «HSAft?tt. $Hf rtS^Jl^* Ftt6«GfS£Htf 

*BS«tf&IWSTtt. fflfirtWH S A©&7uSI##tt 
TtfflSDS tftUMH'Ctt. H S A*HP ttfl-3fe© P D I 

S AIt*»fcittfcLT«fc 0 *i SofcA^F tUTttfflS 
frl* H t& 6. PDIBHS A^|*i©iE«fti?^;P7 
-f Fftftft«E>JMt£flJiL. ±D«4*M»CHSA5Hf©iS 

9T, mXMs 7ftftftWi«ir3HSAC!>iUAT«E> 

[0 0 4 8] *&, PD I £#3&Si3#fc«-&t3-»*fc 
V>«-&T©H 1 S 2 3*SMfflfirt©HS AQmRNAfS 
fiSNorthern^Dy FfetctDlte-rst, PDI»g 
^Sr&Sia ■e-fcJB'&fcH S A©mR N Agj&UtilJl/T^ 
il©Cttt, PD l#WttHSA#TCfPJHlTU 
*RHWt«»*Ttt<, HSAJte?©(E^V^;HC"b» 

30 >©'J-^-E5iJ©lM^{cit)Tt FPD I 

filwSseSA^6»»anfci £ £H S A©»»S*tliilD 
Lfc^£t*tfflg5tTV^it^6, PDIli, /M&# 
lC4SViTHSA£##U, BSHSAIC^fflUfcCtjJJ 
HSA®ft£V^%±»£ttfe£Ma'Cfe«&*A.fc 

B5«»«to*te-c*?)«fc'5fc*->t5. aec, his 2 

3»«k»3^»$nfcHSA£PD I ©S**-&t. PD 
IttHSA©»f&»|f5anT*0, aeJCfflfirtCiftUl 
SnatSPD I WO'fcjGS^ SlttHS A© 
in v1tro_-T?©f|fflmt'*V>T'llEii^m*^-r©(-i2.5 

tXTVJ-SfeOtitJfeanS. dWdtfeSfc, PDItf 
HSA IC iSg^ffl UTViS Z. £ £3t^UTV»5«fc 5 IC* 
AS. 

[0 0 4 9] ^©i'plc, HSA©^T?PDI©*5!S 
D I *ijt»HS A©jes*»jg^J*IC®V»TV>5Blt6tt*s 

±«C3V»Tt>|^— fflJSrtTPD I SJl5SlCJi*i»S$ 
50 -eS^tlC«tC^«©»ffifi©lillDg4«*^T€S£ 
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[0 0 5 0] KTCO^JSWC^D, z*>\z*%yi£%iw 
[0 0 5 1] 

Basra 

t: KPD I (protein disulphide isonierase)cDNAO[)^D 

tHFIiAgtllcDHA5-f^5U- (Clontechtt) ttlOO, 
000 0.2%<Z)VJVr— Xfc^trLBigifi (i* Jfl 

A£hHJ:/h>, lXNaClfcia* 
Xh9*M T3TC-««tlU&*BBY1090»*«iE 
500 /zl iffl-&U Z.tl\Z IN MgCh 5 Ml $rSDA.37t: 

tio# must* z.t\zx\)y 7 -V 

£n£50ml<OLB±l^igifi (LBSIS, 10m 
M MgClifc^tf 0.7%7#D-X) fclDAfi^fc 23cm 

&. nZtlTcyT-itZyj )V2- (Hybond-N, Amersh 
amtt) fc#U 7/WbU»« (0.5N NaOH *i<i;tf0.15M 2? 
NaCI) ICgb*:3MM ffift (Whatman *t) ±\z* 7r~J 
©tt*H*±fc!W*Tl#WM** «V»T+f«S« [1M 
Tris-HCl (pH7. 5) *3<fctfl.5M NaCI ] lC§Ufcf^»]ffi± 
ICl^WgV^fco SSfc^-f^-S 2XSSC jgft (20 
XSSC =3M NaCI 35<fctf 0.3M^X>KH^"hU 

A«« t UV»tffc25HllfT3£fcrzJ:D7r 
-yDNAt7-fW-ICifcl/ft. C^UT^enfc 
7-/^-*«ViTKTO*«fcaoTthPDI cDNACO 

[0 0 5 2] ^n-^lcli, th^DU>4-*8fc» 30 
3i (PDItH-^>/Wf) cDNA [Pihlajaniemi, T. 

et al. (1987) EMB0 J., _6, 643 ] <D 243#Sa>*> 2 
82#@O|gSE^iJO4ga«IC»^T'2>40mer ©*U^v 
-DNA (5' -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) «\ g»DNA£j$ft (Applied Biosyste 

[0 0 5 3] ^(SDNA (20pmoles) £ 50mM Tris-HCl 
(pH7.5);10mM MgCh , SuMyftXW 10 
0 uCi [t- ,2 P] ATP (-3000Ci/mmol, Amersham 

fiigtt) fc^tflgftSO/zl +T!371C60»n£l6;Stt*C 
£tC<fcD*© 5' ffl£U >^{b^^Lfco ±8207* * 
J-^W\^'J^^y3>S» [5Xt>a;i. 
hS«t(100X^>A;i/h^fBt=2%^->]fiim7^^5 
>, 2X7Yn-;V 400:fe<fctf 2X#»JKz;n;Dy H 
» , 1M NaCI , 50mM Tris-HCl (pH 7.5), lOmM EDTA 
(PH8.0) , 0.1%Hxv;Hf;l/3v>K^-h'J^A*5J: 
«20u g/mlCHSttfflaSrU&U-^SITDNA] IC37 
tl»IB«Ufc*i. A^7U^i?-v 3 >i§ft C/ 
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KDNA^^tlSaO *l;:37 , Cl5P#ffi§bfc. £07* 
>l^-fc 2XSSC 8»6»^TafiT?ft#U, $&tC2 
XSSC, 0.1 XHx^Hf^^K^hUCrAWK 
T42 < C30^Ktffe^Ufc«X«7^^A(XAR-5, Kodak 
tt) tC-SOlCT-ftg^^^fe. 7* ;VixCDS*Oj|S 

^u-h^e»y;i/«frtbT«D5(0 ioiosmssssk 

[lOOmM NaCI, lOmM MgCh , 50mM Tris^Cl Gfl7.5) 

ck5^bT# ^>nrc 8 ae> 1 ^ u -->^Btt7 r 

#8tbfc, 

[0 0 5 4] #£>n&ISitt£n->07 7-S?DNA £Le 
der ^co^S [Leder.P., Tiemeir,D. & Enquist L, (1 
977) Science _196, 175 ] fc±DH«Lfc. %*>tYtt 
77"^DNAO l/5g£®ft [lOOmM Tris-HCl (pH7. 
5) , lOOmM NaCK 6nM MgCh > 6mM *)Vii7hX.# 
J—M 0.196i?7^X 20/ig/ml , J#*£W7-i£ 
A&&mm$LO EcoRI fcly ] 50M 

+T371C ltfBHlMfcfc, 0.8X7»D-xy^T«ft» 

-HDNAmutWofco 95WV#— (Ge 
ne Clean 1 ", Bio-101 tt) Sffl^TW hDNAS: 
^SS-fiSSSbfc. HKUfcDNAWH-ISBOiigt EcoRIT 
Mftl/fcpUC19 ^^HBlOO ngtSDNA^-fy-S/ 
a>^;h (£S»tt) Aft20M , B?S4m1 ©ig-& 
ft * T16<C15iQr*r]RJS£lt* C t IC <k 0 pjD N A 
^Wciffl^y^X^H^^o CCDSlSftlOal ^ffl 
V>TMandelffi [Mandel.M. I Higa, A. (1970) J.Mol.Blo 
1. 53, 154 ] fc*D*»«TGl**»|lS»L&. 
# $nfc J^SII£&#£25m g/ml7>tr>'U >^tJ k L 
BSifi 100ml T37t:-lft«&U 7;U*USSS [Biro 
boim,H.C.fi Doly J. (1979) Nucleic Acids Res._7, 15 
13] (CckOy^X^ HDNA^fifil/fc. CCO^X^ 
FDNA10Mg*Stt[100nM Tris-HCl (pH7. 5), lOOmM 
NaCI, 6mM MgCl 2 , 6mM ^;l/*^hx^y— 0.1% 
100*ffi(D EcoRI (~ ^/^>v-> 

a) ] 200 mi +T37tii*iMMfc«, 7xy«;va 

ffl, x^y-*tW*ff^«liU 0.8%7^n«xy 
^*ft*»ff-3&. i^lSObp ©O-S— FDNA*if5. 
X/19^-TH«b, fiTFfcgBtTDI cDNAOX^U-n 

[0 0 5 5] t HPDI cDNA©^fift*&tf^D->S#« 
aa&TtMPFIBAgtllcDNA7-f^5U— (Clon 
techflt) »50.000^n->*J;t;t hfl&ffiAgtllcDNA^ 
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*t7vV- (Htt) *550,000^D->IC^^T(DX^U 

ISlSObp fchPDI cDNASrfrftlOO ng£ [a- 32 P] dCTP 
(>400Ci/mmol, Amershan tD *3<fctfx y£ h^>Xl^ 
"^^vh (Htfc) *ffiV*Tlktttt««Ufct)Oft 

/vr 7u y< if—>3 >»Kfc6<rc i psnm'i/fcfc, a 

>S?KIC»10* cpm/ol(D±fE&§iDNA£^tJ&?8) * 20 
fceOtlSBtraai/fc. i07-f^-S 2XSSC &?0E£ 

flHr>Ta»T«fe#u $e.tc o.sxssc , 0.1% Hfy 
;Mf;V3 h u frAiwrwrc 1 ($fiOife#Lfc& 

X*87^;UA (XAR-5, Xodaklfc) fc-80t:-e--«MBfcS 

-<fcD6<I* fl&S cDNA^-f ^5U-iD5HC!)Btt 
y^Jl^Sfc. d*l££$&t;:2&, 3*OX^»J- 

5U-i0 4R fl&S cDNA5<:/5U-<fcD 3g<7> 

ityTsS. F^2^— PUC19 ©EcoRI 6SfiCJ^^D-> 

iftS£ffr£Lfc 0 ffFK cDNA<D4r>*3<J;tf 

CDNA(0 2^SVMC^-A— 7^^1X450, 
flo, ^©^©{ffM&SfeOi'D— >l^(pHPDI16) <h 
fl6Sfi3feO^D->l^(pHPDIp4) 0 2^TgWi:T^ 
thPDI cDNA(0^fi^*A-UTV^Ci:*t, cne>© 
* ° - > £ P i h 1 a j an i emi e> n— ><Z)ffilBB% jfiH® 
Jfctt#*&?££tlfe. ffi^D— >lCrH>T M13 SEQUENC 30 
ING KIT GK&ttttlt) . N13 Sequencing Kit (SBifi 
tt) *J:^a»DNA5^-^X>9— (370A. Applied 
Biosystemstfc) tC£ ODNAffiSBg^J^ftfeUfco Pihl 
ajaoiemi ^tDx-^iOitlSEklJ; DR4r n— >te£g24 
54»*»*6jS«t hPDI cDNA*3— H"T«>2:t**9i6 
#fcfcofc <E^J#*tl) . 

[0 0 5 6] bhPDI CMH»Bl:/9X5 VOUm 
±E©thPDI cDNA^n— H-r^2^©^n->pHPDIl 
6 *5cfctfpHPDIp4 fcfciitcLThhPD I ©B«te*W" 

A, BfcitfC) . 

[0 0 5 7] 7^*UiBWtl5K:«fcDiI«b&pHPDI16 DN 
A m 1 M g S18JK [10dM Tris-HCl (pH7. 5), lOOmM NaC 
1, 6mM HgCls , 6mM *)ViJ7hX.# /-Jk 0.1%if 
5^>, lOlMft© EcoRI (x *5,fctfl0 
mftOPstl (Htt) ] 20 ul 1 RMMft«, 0. 

8X7#a-xyjVT««*»£frV^ PDI cDNAC0 5Sg<tj 
EcoRI ft> e»Ps tlSS^<Z>*?J490bp <DD N AmftZtf 

^X/^^-tCt • (I81L P HPDIp4 DNA 

#51 Mg£?8J& [IOdH Tris-HCl (pH7. 5), lOOmMNaCl, 6 50 
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m MgCh ,6mM*;i^;/hX^/-;k O.lSSIf?? 1 
>, 10#fi©PstI <Xy#>$;— >*fc) *±tflO*ffifl!> 

BamHI (Htt) ] 20 /z 1 *T3rC l»BBifi{kftW«fcL 
TPDI cDNAO 3' *M!PstI£>E> Baafll«£<0»l. 3kb © 
ftSODNAKfrft»«i-IIUIU&. ZO&?\ZLT\°\ 
tttfeHDNAWrH-tft^WISiBOiigiitf EcoRIfe<fctf 
BamHI "CilMtU SitticL&^XS F^*-pUC119 

DNA*Sl20iigftSiiJBtt©DN A5-f y'-i/g h A 

&25m1 &&TfBWL5u\ * Tl 6^15*5 ffflR£ 3 i**;: 

r> Afclci r>*B§®M V1190ttn >t!x> MslUfcJW 
fc&Lfco rfcUffite, ttg90mmGDX-Gal ZfV-h (50m 

-D-^^^^Mf^/vH. 25ug/nl7>K3/U 
X LB***J:tf 1.5X«X) tC^Vifc 0 STnCT-^ 

[0 0 5 8] phPDIEBfcfctlCLT, KunkeljS [Kunkel, 
T.A. (1985) Proc. Nat I.Acad. Sci. USA. 82, 488 ] 
0, cDNA±©PD I ->^;VE^JtPD I 00**^ 
©«#«»lw«HB*NaeIWKatt**ALfc. pliPDIE 
B DNA €rffl^iT*;V->»>AfelCJ:0*:ffi»BW313 

3n--Sr 150 i2 g/ml07>tfvU >^t^2 x YT 
tttt (1. 6X/t^ bhV7b>+ 0.5% NaCl 1% 

nt? h-r»x hx^h7^ h) T37t:— %S9is«$ff 

-oTzo CCD^^KlinlSr 150m g/ml<D7>fc! vU >=£ 
-&»2 X YT«*50nlte»aU37 , C-C*6fc«F«L&. 
(ODeoo ) «« 0.3gSlCgtfctC^T M13K07 y 

>^UDA37 , C20^raffiSl&S^fTo^o 

■ te*^»6*lfc±ittel/5 2.5M NaCi, 20X*U 

x?v>y u 3-jv#6ooo&&£iu*ffi#ufc^$rc 

TEg§f?g [lOmM Tris-HCl , ImM EDTA (pH8.0)] \ZfS 

lAWSoaMRB^hU^Afeitf 2.5«CDX^y-;V 
5:llD^a^-80 ( CT30»m#®b3S^«IC<tt)DN 
ASttRiLTEUKl/fc. ^tl^705gX^/-;PTiSfe# 

^STiSSLfedU^trpliPDIEB £3fe<Z>-#jgDN A 
*fflViTKT©#JHTiWif ^aam-feNaeiaMfiroW 
A^rfrofco SCa*Xffl-&a*U^>cirl/srf 1 H(5' -c 
GGGGGCGCCGGCGCGC-3 ' , SSiiit) ] lOpmol&SfS [10 
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OmM Tris-HCl (pH8. 0) , lOmM MgCla , 7mMv^xW 
-Y h-Jk ImM ATP *±tflO*ttOT4#U5Kir^* 
-tf (£S3B*t) ] 10m 1 +TT37T;i5»WLEJfi; 

8k7ot:io^painia ltt 4 # u * # i/*? h*^-— t?£ 

±|5phPDIEB E&*OD-#«DNA 0.2pmol 
45ilM ul CD7X-U>^|gffii8t (Site-directed m 
tagenesissystem Mutan T »-K, Sffiigtt) IcaSTfc^JD 
^S&SSSIOmI £U ■^•(D'S'&cDl Ml £±EU> 
KflS*»*Affl^J**U=f5t{rl/*?H»!Kl Ml £jg 

65t:i5»> 37t:i5#i&11&, 25m I i0 
(±E Mutan T "-K, fiOtt) 60m&(Z>*g§gDNAU#- 
If (MutaD ,M -K, Htt) *±»lJHffiOT4 DNAtfU* 
5 (Mo tan" -I, Hit) £JDA25t: 2 ^WSJE^U-S 

0.2M EDTA(pH8.0) 65*07? S^mMM"* £ 

Ml £30m1 ©*IIBraiffi71-18niitS3>lf5r>h-fe;Wi 
fi£U Jk*30fl\ 42 , C45»$e > lcJk* 1»M#BL 
cntc 300m1 <0SOCig« (2X/1ir hMJ:/h 
X 0.5X^f-XhX*^h9* K lOmMNaCK 2.5 20 
nM KCL lOmM MgSO< % lOmM MgCljfcJzt&OmM^JlO 

-x) ea«rci»MSSi/&. $^inoai cdmi3k 

0777-5>fctD*3rcT30#niM«, 150Mg/mlcz> 
7>tT->U >:fe<ktf70M g/mlc^*^v-f S/>S*tr 2 
XYTi&Jftlml£2ni^ 37*C20^K^aUfco n*>ntc 
**fcS*'WMIIU ±fS20Ml *@1RU ^CIIMV 
1190J&«»E80m1 iB£U 37t:iO»IBllPfl«, 150m 
g/mlC07>tf^U>^trLB7 r b~hlZ^^37 , CT 

NaeIg5ffi«A^7^^ FSfiHW* fcO£M13 SEQUENCI 30 
NG KIT (X&ttlttt) ftJBV>fcDNAaaKEWMrfcJ: 

[0 0 5 9] 7**U*MttTil«L&phPDINae DNA 2* 

1. 5' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3 ' , 

2. 5' - AACAAGAACAACAAAGAGATGAAGGTAACCCACTTCATGAATTC-3 ' 

3. 5' - CTTGTTCTCTTCTGCnACTCTAGAGGTGnTTCAGAAGGCCTG-3' 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG-3 ' 
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*Ug*** [lOnJt Tris-HCl (pH8.0), 20mM NaCl, 7nW 

Mgci 2 , 7meoNaei (x? #>>?->#) ££r/ioiji 

&<DHind III (^fijgtt) ] 30mI *T37*t 4l$flBi8ft; 

ao.a7*a-xy;u«»«c»ftfT^»i.7i[b ogsco 

DNAWM"ft^9X/1^-fcJ:D»«««l«b&. t 
hifiiffl7 J !V^5 >©7l/:/DEM*»#fc*5^TlWB* 
SOfcun F>lci:0n-Hf SDNA»f>VSi7n-> 
fcL&:/5X3Fpl!C119Sig #«&£&T<D^)BTfTo 
& OBI HA) . 

[0 0 6 0] :/7X£F^*-pUC119 DNA lMg££ 
S£[100mM Tris -HC1 (pH7.5), lOmM MgCU ,50mM NaCl 
feiW^mtt© EcoRI <Xy ] 20m1 * 

T37 t Cl^m^fl:Lfc^ 7WC5#TOn»UT**«* 

tt*X7r*— Kl*tt (SffiiStt) «n*T3rCltt 

X^y-;WttIRfc«^DNAftH«U&. 210DNA 

a:, 

5' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

COE^ £>j£*Xhol6W££^MhoI >J >#— 3H&;U£& 
[66mM Tris *HCl(pH 7.5) , 6.6mM MgCh , lOmM 
h~;k O.lmM ATP fcJttf 300*&CDT4 
DNAU*f~K (S&iBtt) ] 30 Ml *Tirc-*fiM 
Lfc. £0>J§SK1Om1 *fltf>T*IMlJM107 *3>tT 
T->h-fe***>P^?rA«6K:«^»II«iU 50m g/ 
Bl©7>tr^U>ft^trLB^W-Mc**37 , C— ft« 

m>T:/5*5FDNA4B«U MIH*MlF«ffifrd 

CltiCctDS«Ji:t"SXhoIU>*-^pUC119 EcoRIfiMt 
fc# Xatlfc^XS HDNA*jl«W»Lfc. 
[0 0 6 1] KTOBISt»^41«C!)tU^>l/t 

5-H 



SrSSiDNA'&jsJfil (Applied Biosystemstt, ^E^;U38 
OB) ^fflViT^jSLfc. Cin&#>5r»30 pmol SIS 

[50mM Tris •HCl(pH7.6), lOmM MgCI 2 , 5mM^^ 40 
7sV-i\ — ;k 0. 2mM ATP &lX6*{firOT4 *U5«^k 
*fHtJ—K (SiliKt) ] 25m 1 «T37n^raS 

U^{rl/*?H«^tt»«fta-ff («■ 100m 1 ) 100 

t:co*?§ic 5 »nMk«wt«aaTtt»b7x-u >^ 

SrfT^feo ^n(I 600m&CDT4 DNAU*-f (^S 
Jltt) S:lra^l6 , CT-«6«iaL, 75^> MHOjgjB 



[0 0 6 2] ±3fi©XhoI'J>*-S»Alxfc^^*— ^ 
7X5 H 1 m g [lOOmM Tr i s * HC1 (pH7. 5) , 10m 

M MgCU , lOOmM NaCU lO^fiCD BamHI (X^/*>v- 
>tt) *J;«12*ttoXhoI (SSiBtE) ] 20m1 +T37 

*H*6x^y-/PttIRfcJ:DDNA*EIJK'u&. C<D 
D N A <h±ifi<D 4 »J rf^ ^ FcMffiBte J; D 
»6nftr#iDNA7?^>h«*M»« [66mM 
Tris-HCl (pH7. 5 ) , 6.6mM MgCli , 10mMv^XU-f 
h— ;k O.lmM ATP *5±tf 300^(S<OT4 DNAUSJ— 
i? (Sffiiilt) ] 30 Ml +T16t:— BfeftaLfc. £0i§ 
»10m1 $fflViT^calSJM107 «3 >hTx> 
*^^<>^ttfcfElfi»R6«U 5OMg/ml07>tf-> 
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U>S:^LB^U-h±tC^^37 , C-^iab5to ft 

D N A 0>tt£EailB*r&fr 5 j: t fc* D g W i T*&» 

5 Fft pBC119SIgfc**N*fc. 
[0 0 6 3] ±E©*JBTfl«Lfc:/9*5 K PUC119S 
ig DRA*7^*UWH*TMLfc. 21CDDN A 2 m g 
[10mM Tris-HCl(pH8.0), lOOmM NaCK 7mN MgCl 
2 , 8 3Mfc<DStuI (X */#>>?->#) fc«ktfl0m<4(Z> 
HiDd III (Sffiiitt) ] *T37t:4^ra^fl:^ 0.8%7 JO 
#D-*WWt^ftfc*tf % *53.2kb OfkHstDDN A 

Tft&nfcpnPDINaefi*<B1.7kb DNA »rtf-ift50ng£pUCl 
19 Sig*&03.2kb DNA tfftt-&50ng££gjg#:5>f 

hAi£30Ml B* 6/i! ^TiersOiJfflKJS 
10 Ml $fflViT*;i/i/^Aj£lcd:0^:l®^»HBiOl 
3>K^>Ms* (£«&#) 50/z 1 / 

ICt^T* 7Jl/*U®®SSrfflViT^7X5HDNAS 20 

jfii»7;v^^ xDzfvyumwfmz t h p d i 

L£ 0 £<0:/?X$F£phPDILyl££Wfc. 
[0 0 6 4] «±0<t5(CLTft^tl^U-^-E^J& 
£SPD I *W&7fr*-M*}z Hny^— I fi&f 

SSIC<kDIBSbfc±|B phPDILyl DNA 7mI 

[lOOmM Tris • HC1 (pE8.0) * lOOmM NaCK 7mM MgCh 30 
££tta0¥tt£) EcoRI >*t) ] 100m 1 

*T37t:2P5K?B{fc8* ?§07i;-JV/?DDW 

fcl/10^O3M^K^hU^A(pH5.3) fcJctf 2.5§CO 
X*/-;H£:in]A2g£U -40t:2^fW»®b&o 

oft^nfeaJS^70«x^y-;i/Ti5t^«ffiS:« 

L50m1 <DK]eDowS££rS£ (Kilo-Sequence ^Deletion K 
it, SjBiitt) tCi§#U 4mttOKlenow fragment £ 40 
mm (SeStt) Srl0^37 < C45»P^S^$U-5C<htr ( fc 
DEcoRI «J«f«»fiD¥a»fl:ftfTofc. COWKK^T 

fc*JiK:i/10«©3Mim^hU»>A (PH5.3) 

«£E*H»U 50m 1 <OKIenow&«i£ (Kilo-Sequence J8 
Deletion Klt.SfiiMfc) K*#U 4lfi© Klenow f 
ragment (SfBiStt) Zln&37X;4Sftmfcfct<i£Z> d 
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ViT2S©7xy-;P/^nnsitjVAttUftfTav^ ft 
6nfc*JBfcl/10eO3MBH^-hU«>A (PH5.3) * 

»»*BEtt»U, }SfS[10mM Tris • HC1 (pH8.0), 60ieM 
NaCK 7mM MgCli & £ 10i£&CDB amHI (X y # > 5^— > 
tt) 3 40m 1 fc**L37lC3»HIEj6a*&. ft&ttfc 
DNA?gi8£ 0.8X7»n-xy^«»fl«K3»»lt, IS 
1.8kb (ODN A([Jt«y 5XAl>jf-T»i • Ml ' 
fc. 7;l/*'JSffl»T|giSbfcpJDB-ADH-HSA-A 

»H¥2-117384*MM1) DNASmI [lOmM Tris 

HCKpH 8.0), lOOmM NaCl,7mN MgCia &&Z*24$L&OJh 

oi (sjgisa) ] ioom i *-?$tc 2&mm{k&. 7x 
y-^/*nn**AttUft 2teiffvifte»nfe*aic, 

l/10^O3M^K^ h U 9 A (pH5. 3) fe<tl/ 2. 5&GDX 

*y-;p*iD*.B£u -4o*c 2«rra»«aa&fc<tD 

£t«8£LTDNA SEttLfc. ^ODNA itlfi^OSKX^y 
-*Ttt#«*Eft*U 50m1 (OKlenowgSffi (Kilo 
-Sequence Deletion Kit. SSiifitt) fcj»*U 4mfi 
0 Klenow fragment (Siiittt) ^l!0^3rC45»MRlB 
c fc lc<fc DXboi^lBSSB^co^mibSff ofc. ^ o 
SStco ViT 2 i©7 x y -Jl//^ a D*;i/Aam^fr 
ftK »&tlfc*lfcl/10#©3IIS«^hU9A (pH 
5.3) 2.5«OX^/— JVftjD/US^U -40t: 

ft^nfcDNA £70* X^/-JWTtt^«Hl£»b, * 
tt [lOmM Tris -HCl(pH8.0), 60mM NaCl ( 7nM NgClt *5 
«kmomffiCOBamHI(Xy3p>x->a) ] 40 m 1 ICS^ 
U 37 < C75»M^{fcbfc 0 ^CDSSKtClOMl <0 2U Tris 

• hci (pH8. o) . hom i v>mm&#&xf m&vizmw 
C75 «ft*7;P*U7*X7r*-if <seait) ^an 

5' RU>H{bE**fr'3fc. ft&nfcSfflEICl/10«<D 
3MBK^hU^A(pH5.3) &&Zf 2.5^©X^/-;V* 

JnAS^b, -40t: l^Sfibfc. 8<biz«fct)itR& 

bTDNA «ls|iRb«B£«:MkS20|£l OTEtrS«PL 0.8% 
7«D-xy;i<«ft»«ilC*»&. 3j!58kb CDDNA KH-ft 

6nfcphPDILyl**CD1.8kb DNA »f>ir*550ng^<tU9JDB 
-ADH-HSA-A**W8kbDNAKfrW50ng*SffiiiaDNA v< 
y—>a>*yhA«30Ml > BS 6m 1 i»-&U 16 
t: 2.5^fKS^$^MDNA &ai6$ii:fco ft^tlfcDNA 
ff«10/£l S«^T**S/»>AttlCj;0*»MC60M!|c* 

^©K^u, 50m i / \L\o>yy\L^)y^m^v 

-HC*£371CT-l!fci§S£L£o #en^a D^-tCO 
^T7^*U»«ttfcJ:Dy?X5 HDNA «H8U « 
IS»3fl^?f€:fT^3::i:lciOB«i:T^7;l/a»-;Wt 

Hny^— k i ^D^-^-Tattu-^-Ewaaea 

PDI *a«Sl/fc^5XSHft»»r*WR«Mtc*3Mi 
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HbFDILylfcfcttttfc. C0)«|g®*3*. £KgBPD 

[0 0 6 5] thPDI 56SSKffl(03>hn«;i, 

IBSLfcpJDB-ADH-HSA-A DNA 5^1 fci&iS [lOmM Tris- 
HC I.IOOdM NaCI, 7mM MgCU , 24i£#(7>XhoI (SSii 
4fc) fc<ktf29iMi<D BamHI (-iy#>v->tt) ] 100 

u\ *T37t: 2ttm*Mk& 7x;-*/>dd*m 

»ffi£ 2BfT^»6ftfc*»Kl/10*©3MftB^-HJ^ 
A(pH5.3) fcitf 2.5*©X^y-;P£ln*.H'&U' - 10 
40"C2BSM»a«»&fcJ;DDNA UTEiRL 
ft. iLODNA *70%X$>/-/PTftfMk ttEEtiftU 
50mI ©KlenowgffiiS (Kilo-Sequence Deletion Kit, 

fcS#U 4%&<D Klenow fragment (SM 
i£tt> *J0*.T37T:45»IBK*a**CtlCiDXhoI* 
itflamHI %)Wi&ftO¥mi£&ftz>fZ 0 Z.<D®mzz)^ 

*lfclA<»©3MBfflW- h U (pH 5. 3)*$£tf 2. 5$ 

cox* /-;i/*lnjtS£U -4013 1 RrmmflBSiblc 
<fc9i£*£LTDNA fcUPKl/fc. £ft£MEE&&&20/i 29 

8kb ©DNA WM-*^9^!>y~TH«Ufc. 

DNA RfrH-KSOng^SSttDNA 7^y-y 3 >^^/ ho 

Aij$30/il , BfK6al iB'&U 161C— IftElBa-ft, 

*i>ttfc«kQ*ME*U 50^1 /mlQ7>fc^>U>£ 
*&LB:/l/-hfc£*3rc-«W*Lfc. »6tlfc3D 

SU tNIBB3ieft*r»fTK Btttr*n>hD-;wii 

C0 0 6 6] t: hPDI (PWjgfccfcSfBB 
±EO^JHT«iaSL&fchPDI ^S^7X^ FpAHhPDIL 

tfxo'fc. 

[0 0 6 7] YPD?V-F (2XA*^h^^h>, 1%-f 
-^M^h^K 2*7H2«5*tf 1.5X*X) 
±*C^SILfcSS§AH22*0#aDX«-* 5ml COY P Dig 
* (2SS/^h^^hx HK-Xhx*xF^F£J; 40 

©f5J&«SK 0.9ml£45ml©YPDJgifclz&aL30 , CTg 
SttftL ODdoo #s» O.SICilLftt^T 

ftaa^fc*it«aBtLT**iiiJRUfc. #s>ftft@# 

£ 3ml© 0.2MLiSCNfcMJU -£©5ScD lmlftja^fc 
*»tt»ibT**ft|gliRLfc. C<DWmZ4$u\ ©50 
% PEG#4000, 10/z 1 ©LiSCN £<k*/7;k*7 USBIttT 
DSSSbftpAHhPDlLyl DNAJSfifclO u 1 (DNA27 m 1 #) £iD 



4SBW6-3 8 7 7 1 

20 

£LTlEliKUfco d©®ft£100ul ©S^tKtSS 
U SD (-Leu) :?V-h [SDKeu)»* (0.67%/^ h 
-hnyx-X, 2X7 20mg/l OJt-X 

^X>, 30mg/l (D^Ui/y, ^ vd 

-fyX f^U 50mg/t ©7xXjU75x>, lOOm 
g /l ©7X/^*>K, H20l^a>K, 150mg /\ 
<D/V)>* 200mg/l <J>KV*->$>&tt 375mg/l © 
■fe'J> Ca±O7 5y«tt?Btl«tt0 ) *5<fctf 1,5% 
mX\ ±fc**» 30t:T©SILfco tt* SBBJC^^n 
fc*HK»#* 5ml (DSD (-Leu) JMftKa&BUO'C 2 0 
RQ&&«Sl/fc. 100/il £ 5ml©YPD 

isaic^au3o < c24^ws®ig«Lfc 0 »&nfc««ffi 

l-5mlftaiC?»«K*»±t(l 500m 1 £E]JKU JintC 

tt«^LTl«liKLSBE«:lgLfco #^tlfctt«^10ul 
OSDS-PAGE^-tJ->y;WgSSS (125mM Tris-HCI (pfl6.8) 
, 4XSDS . 20%#V±V>* lQ%&-*)V%7hX.2 

U 5 ^miti»%SDS-PAG ^V-hlO/20 (S-jfc^ISS 

is) tcTm&*«i&fTo£<, c:oyjp^?fefeffi (0.15% 

^v^-yiJU7>hy>i^-, 10%K»^i:rMO%^^ 
J-M T^feft, KfifflE (10%»Kfe<fctf40%^^/ 

;Vi:UTJiISpAH ftffl*Ai tT±3fi©pAHhPDILylK^ 

»«W«PiLT7*X7*"J9— Kb 

(»^fi94.000) , ^->jfil?S7;i/y^> (67,000) , * 
*7Jl/^^> (43,000) , *-^x?;^7>t:F7-ii 

(30,000) , *ShU^">W>ttr^- (20,000) ^ 
<tr/a-^^7 h7;l^^^> (14,000) ^fflVifc (S3 

s) . »ts*?)55k ©sssttfeatarziiat 

T#fco ^^^111 J^^PDI OiH^St-aUTiS 

[0 0 6 8] pAHhPDILyl^«^-rS»mAH22«c(Oma 
DX-$:80mlOSD (-Leu) %mzmmU 30X: 20 NH& 

#&nfctj^*?K^80iiro4i<oYPD • 

'J>K«a5 (YPDSi, 6g/l ON at HPO< i5 
±tf 3g/l (OKH: P04, pH 7.0) tCgsat, 30TC2 

[0 0 6 9] 

±&<D&o\zisTm$tLtzj&n&&m&mmmi&4\ 

5U#7-5U*>HWH (»H»d7fi30.00 

0) 40f&SffiS:fT^fc (100ml) TSK-gel Phe 

nyl-5PWBR7Ktt*^AtC<t thPDI^(8Lfc c 



—701— 



(12) 

21 

tt*tt#7Att0.85M«fe 0.05% NaN a S^tnOnM* 
25#fflT, ttSfeS'&SftliHaWtt^tttWKMBtf^BB 

*»j*ai*-sttfc±oT«iaL&. £©is©«»4 2 

nl/nin T$>£ e dco^^m 4 Sil^To 

i4, »w*n*:fc fpd i osDs««*»Hfes , r. 

*o, PD ISttfefiHSUT^SrtdtWSAMC&o 
fc. YPD«MHcA3fcTdKn0!B«4llKI4. ^<D?u io 

[0 0 7 0] pd I igftcaailfc 
P D I f£tt©afl£l4* jhtc • Xtt ■ fflMfcfc J;*#tFC 
fP»UfcX*7>^;VFU*>t*l/7-1?A(RNase A) 

X£U7-ifA©|fai/£©ggt4, -£©#3&fgft©lEl& 

T. 

[00 7 1] X^^>^KRNase A ©IBS : 120mg©R 20 
Nase A £6M^7-v>£K> 0.15MS??*X W 
^&«tt3aIO0.1MhUX«IUmjRpB8.6 tC®»Lfe 
BBjMTF-C* 15^HSi&TS5c^fTofeo i§7Ci» 
&0.01NHC1 T¥«flsa*«:-fe7T5 f yi'XG-25*5A 

(15miD<tx38cm) T&7cJ$!i£|$£L*:. ^©ftifrfet;:^ 

X£lJD*pH£9.0 S - SKS-&fl!>S!»Ej6S# 

Bf. 4fC14BnBfxftto*fc. £©i**4£-80<CT## 
bfcfc©*X*9>:/;H*ffl*ase A tLT&BLfco 
[0 0 7 2] PDIStt©B£:g*Ba*)fclfc55iill 30 
U>RMflfc (pH 7.5) 20ml fc* 10m 1 ©lM^^X^ 
-f h-*ftJllAfc*>©£B»U ClO«**610|il £ 
«0, 20m I C0»^lt«i:^1?fe55mMU>Kig®fK(pH 
7.5) 420m I »ClllA3(rCT 5 lift ±12 

X^^>^HRNase &«50m1 £jD*30t:, 15#¥£ 
JS£i*£. HilT, 1. 945ml OK^U^SOmMhUX^S 
B. 5mBI 25mMffi{b*U£A£'g'trg 
Sri£pH7.5 fc* 50m 1 ©-f-XhRNA^Jg (lOmMhU 
X&Bigffi?KpH7. 5/lmM EDTA, 280nm©K5£g80 

^e»mffi«:45 , Clc*^i5(r¥ffift;$^^ 0 £©££26 

*XW K-;WfflabfcX^5>^H RNase ASffiA^ 
&5m1 cn«r-fe*«f»©*»tSlfa:*t6, 0.2 

»»fc 2»W260nm T©«3t££iffl£ e P D I gftt426 

onm ?©K%£As£B©aab»> & e>n* e 

10 0 7 3] bhPD I3B3g:/yX3 FpAHhPDILyllCJ: 

S2 3ft©^gteft 
thPDI 58iE:/5XS HpAHhPDILyl^^V>T, KT© 
*IBfca^HSA*ai»«HI S23tt [»K¥2-57 50 
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885 ^/?8tXWBS$gll351 4| (FERM P-113 
8) ] £?£St(te&Lfco 
[0 0 74] YPD^-h (2%/^hhU^hX 

±T**lftHSA»S»«HI S2 3 

#©JJi-nO---£5iDl0YPDJgJft <2X/12rhHJ 
7h>\ l%-f-XhX*Xh5£>h:fe<fctf2#:/F£ 
ts) ic&st, 3 0*CT2 4P$Fig&&«r*L&. £©i& 
HS£lml£5 OfflI0YPD*»fcS««3 O'CTfiB*' 
»U OD 8 oo (BAD 36* O.SBBfcBL&fcZlJSTB 

4 6ul ©5 OX#UX?y>ifU3-;p#4000, 1 0 
Ml ©L i SCNiitf7**U*itt [Birnboim, H. 

C. ft Doly, I. (1979) Nucleic AcidsRes . J, 151 
3.]TH$JLfct: hPD IJSS^XS HpAHhPDILyl DN 
AJSfKlOMl (DNA*52 0Mg») SlDA^yf 
-f >^K:J:DJB^U 3 OtT-Mb^ Zlftfcl 
HOKMtMHft. 9B*«ttB& 
UTleliRLfc. £©K#£10 0m1 ©«B*T»89 
U SD (-Hi s* -Leu) 7U-b [SD (-H 

is, -Leu) iSifi (0. 67* F — h ny>^- 
X, 2%:/K£8n 2 0mg/l 07r-X m^^i" 

3 Omg/l ©^Pi/>, ^VD^vX ^Ui^X 5 
0mg/l 07x-;V77->, 10 0mg/I ©7X/t^ 
*>B> f^^;V^S>K> 1 5 Omg/l ©/tU>, 2 0 
Omg/l ©hU^-^ck^S 7 5mg/l ©irU> (K 
±©75yK«fn^)ffil6l«c^ttS) ) i.sx» 

[0 0 7 5] ^e»nrcJ^K^ff (pAHhPDILyl/HIS23) 
fc^ViT«T©*)ifcJ:D.PDI©»at«-xfc. d© 
IR3>hD-^*|lkiUT» pAHhPDILyl^&PDIcDNA fiS 
> h u~-)V?v7s^ H p AHft«V>T#6 
tl^^Seaft(pAH/HIS23)^£tTffifflLfco ^U-h 
±©3D--S:5id1©SD (-Hi s, -Leu) Jgift 
lcSaU3 0 < CT2BKli®e«Lfco ^©MS3HSl 
0 0 Ml *5nl©YPD*«lK:»a«3 0t:2 4Wf|BS 
SiSSU 1.5nl*3S-b»lite**t*© 
±»5 0 0al SEWHU £ntC^$©X^/-;i,£2iD 

XA^lx-^-Jc±D«E^Lfco ^e>nfetts*i 

0m1 ©SDS-PAGEffl-9->^JPS»ffi [62.5mM T 
ris-HCl(pH6.8h 2^SDS, > 5 % 0 -*)V%Zf hX 

9J—)V+ 0.005%^p ; E7xy-;^;v-^5 < kuc2 o 
%^UirU>] ICB*L, 5»IW*BBSDS-PAG 
^U-h4/2 0-1010 (S-ft^SttS^afi) T 
mtlScS!lSrfTofc 0 *Si«:©y;i/€:»feSK (0.155*^ 
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/-M Tft&ft. JRfifc <1<>*B»*±IM0X* 

94,O0O^;Vb>ck, *^]MI7/P:/S> (67,000) , * 
3P7J^5> (43,000) ; * 7>h F5-if 

(30,000) , *HhUt/^>-f >tW- (20,000) *5 
£tfa-7£ b7;V:/* > (14,000) (H6 
0) . -tOtt*, pAHhPWLyl"fcJ:oT»jnEaiUfc»* 
HIS2 3**T* 4iHF«tt55 f 000y;Vh>©PD I 

[0 0 7 6] b hPD I OHS A»aj»»fc»T^a* 
±EO»#t*WHSA*itfPD I OXSEgtiktm 
V>T* thPDIOHS A»a»»fc»T S3»*ftKT 

[0 0 7 7] a > hD-;l'^7X^ KpAH^«tyt h 
PD I ^7X^ HpAHhPDILyl**l-enfc*oT»R 
(teftb^SSHI S2 3S, ip-fepAH/H I S 2 3tt 
43<fctfpAHhPDILyl/HIS23 ttOfflScbfcn 

SidKDSD (-Hi s, -Leu) iglftK&g 
U3 0t:T2 4l9mi«US«ftfTofc. CCDtt«ttKlO 
OmI 4**1**1 5 ml ©YPDJgJftfcffi&L 3 0*0^2 

J*lC±OSDS-PAGE«©tt»ftlH«bSDS-P 

&«e©HSA#i&g*x>S'h*-*--- (IMAGE ANALYS 
IS SYSTEM , x7n»S^ttK) TfcSftU PD I © 
*«afci«HSA©»a»IBIo<!fcti/<fc (KS8 
0) . *0Sg3l* pAH/H I S 2 3»T¥^0.93mg/ 



J0 



1 £fcpAHbPDILyl/HlS23 fltTHlXl.SOing/l CDHS 
Afc^ifcbTfcO* »*H I S 2 SfctCfcttS t hPD 
lcD*^S(C^t)> HSA0>£S«4*Jrc»6OX© 

[0 0 7 8] 

EMa-HnDNAtth^Dr-OyX^^ H 

ic<t d, tbPDi 0*«fla^©^a*a»T*ai/ 

ftt)OT65. ctilciO. c<D#&te, s -stereo 

[0 0 7 9] 

DETOX] 
E*tJ#*t : 1 
EJJOftS : 2454 
mW<DM : 

E9fl0ttH : cDNA to mRNA 

jg2g: fchfffRXteJfe&Agt 11 cWCA5*f:/5U- (CI 
ontecbtt) 



GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Pfae Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 
70 75 80 
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25 26 
CCC ACC ATC AAG TTC TTC AGG AAT GGA GAG ACG GCT TCC CCC AAG GAA 393 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 441 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asd Trp Lea Lys Lys 

100 105 no 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 489 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 537 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 585 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 633 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 681 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 729 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 777 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 825 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 873 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Phe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 921 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe lie 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 969 
Asp Ser Asp His Thr Asp Asn Gin Arg lie Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 1017 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1065 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg lie 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG ' 1113 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1161 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 
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* ^ 28 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT ITT GAT GAG AAA AAA AAC 1209 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1257 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1305 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1353 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Gla Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1401 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1449 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1497 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1545 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 1595 
Asp GId Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 1655 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 1715 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 1775 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 1835 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 1895 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 1955 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 2015 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 2075 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 2135 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 2195 
TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 2255 
CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 2315 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 2375 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTnACCCA CCCAAAAAAA 2435 
AAAAAAAAAA CCCGAATTC 2454 
SB?tf#*t : 2 ®cr>g( 
gB^J4>g$ : 1545 h^D ; 

&¥\<»m : im WM<DWm : foVim (¥-&dcD N A) 

mt 

ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 30 
Met Lys Trp Val Thr Phe He Ser Leu Leu 
-20 -15 
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29 30 
TTC TTG TTC TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC GCC 78 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Yal Phe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 126 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

6 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 174 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 222 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 270 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 318 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 366 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 414 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 HO 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 462 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 510 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 558 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 606 
Asp Asp He Pro Phe Gly lie Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 654 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 702 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 750 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 798 
Thr Ala Pro Lys lie Phe Gly Gly Glu He Lys Thr His lie Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 846 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe lie Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 942 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1134 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro lie Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
: 3 h#D5^- : StfStt 

mmv>&z : 491 mmomm : *>nzn 
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33 



34 



Gly Ala Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn 

1 5 10 15 

Phe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Thr Glu Glu Ser Asp Leu Ala Gin Glu Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val lie Gly Phe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly lie Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe 

180 185 190 

Asp Glu Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He 



Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro 

325 330 335 

His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 



260 

Phe He Asp Ser 
275 



265 270 
Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 
280 285 
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35 36 
Glu Asn lie Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val He Asp Tyr Asn Gly Gin Arg Thr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
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